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Abstract 
The development in basic technology and market strategy of solar thermal power techniques is booming rapidly due 
to the limited fossil resources and severe environmental problems all over the world. In this paper, the design method 
of heliostats field for the scale of 1MW solar power tower plant is introduced, which uses the multiplication of three 
efficiencies of cosine, atmospheric transmittance and intercept as the preliminary boundary limit to locate heliostats, 
while the spacing between heliostats is set not only for less shading and blocking, but also for the availability of 
installation and maintenance of heliostats. Furthermore, its optical performance tested by the software HFLD, is quite 
good, which has annual average efficiency of 71.36% and design point efficiency of 80%. 
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1.  Introduction  
Limited fossil resources and severe environmental problems require new sustainable electricity 
generation options, solar thermal power generation with optical concentration technologies are an 
important alternative for providing the clean and renewable energy needed in the future [1]. For solar 
thermal power tower system could ultimately emerge as the most promising of all thermal power 
generation technologies [2].  
The heliostat field, which decides the investment and the energy received, influences very much 
thermoeconomics of the power system. The higher optical efficiency of heliostats field is of great benefit to 
increasing the efficiency of solar thermal power conversion systems, so as to reduce the levelized energy 
cost. In this paper, the design method of heliostats field for the scale of 1MW solar power tower plant is 
introduced, and its optical efficiency is also tested. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Intelligent 
Information Technology Application Research Association.
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2. Boundary of Heliostats Field 
In the solar power tower system, a large number of heliostats are used to concentrate sunlight on a 
receiver at the top of a tower. This heat is then transferred to a fluid, with the purpose of generating steam 
that expands on a turbine coupled to a generator to produce electricity [2]. Two of the most important parts 
of a solar power tower system, because of their function and their higher contribution to the overall cost, 
are the heliostats field and the receiver [3]. 
A north heliostats field configuration is usually coupled with a side-opening cavity receiver, while the 
aperture on cavity receiver is specified by giving its dimension and orientation [4]. In general, the 
minimization of the aperture area with respect to reduction of thermal losses by radiation and convection is 
limited by the divergent condition of the reflected beams from the heliostats [4]. The interaction of the 
heliostats field with the receiver is mainly governed by the heliostats layout coordinates and the geometric 
data of the receiver, thus the design of the heliostats field should maximum its efficiencies while minimize 
thermal losses. The losses of the heliostats field mainly include the losses of cosine, shading, blocking, 
atmospheric attenuation, and spillage [5,6]. Among these losses, shading and blocking are assumed to be 
occurred only among adjacent heliostats, while cosine, atmospheric attenuation and intercept are 
independent of heliostat geometry and position, but influence quite much on the energy proportion and 
intensity arriving on the receiver aperture [7]. Therefore for PS10, the multiplication of these three 
efficiencies named as the yearly normalized energy surface (YNES) is used as a preference criterion to 
locate the heliostats. The distribution profile of YNES can give a clue that how much power reflected by 
the heliostat in certain zone may arrive on the receiver aperture. It is clear that the yearly-averaged 
distribution is a more accurate option, but viewing that the meteorological condition is time dependent and 
unexpected in each day around the year, as a first approximation, it is reasonable to define the solar noon of 
spring equinox as the design point [8]. Therefore, for the heliostats field for the scale of 1MW solar power 
tower plant, a factor named as available land efficiency, which is the multiplication of three efficiencies 
mentioned above based on a design point (time instant) instead of YNES is used as the preliminary 
boundary limit to locate the heliostats. 
2.1 Mathematical formulation boundary limit 
In general, heliostats are not perpendicular to the incident direct isolation, which results in the reduction 
of the projected heliostat area visible to the sun caused by the tilt of the heliostat. 
As shown in Fig.1, x axis points to the east, y axis points to the south and z axis points to the zenith. 
The incident rays depend on the position of the sun (solar altitude angle sα , solar azimuth angle sγ ), 
which is described by three basic angles: solar hour angleω , site latitudeϕ  and solar declinationδ  as 
follows 
ωδϕδϕα coscoscossinsinsin +=s                                                                                               (1) 
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In these coordinates, unit vector I
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of the direction of the incident sun rays can be expressed by  
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If aim point height is th , the elevation of the heliostat and the height of the tower base are both hh , for 
the coordinates of heliostat (x, y, hh ) and the coordinates of the target point (0, 0, ht hh + ), the unit vector 
of reflective rays R
G
will be  
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The angle between the incident ray and the surface normal is the angle of incidence, which will be 
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                                                                                                  (4) 
Cosine efficiency is proportional to the cosine of the incidence angle between the normal of the heliostat 
surface and the sun’s rays [6]. In this paper, the heliostat is assumed to be oriented correctly. Thus, the 
cosine efficiency for a given heliostat at certain coordinates can easily be calculated for a given aim point 
height and sun angles [9]. 
 
Figure 1 Derivation of incident angle of arbitrary heliostat 
Attenuation loss is the loss of solar power by absorption and scattering as a result of atmospheric 
conditions between the heliostat and the receiver [10].  
Atmospheric attenuation efficiency attη can be calculated simply by the function of the distance 
between heliostat and the receiver HRd  in meters as follows
 [11]  
32 002845.0017.01046.099326.0 HRHRHRatt ddd −+−=η                                                                            (5) 
The performance of heliostats is degraded by several error sources, which will cause the displacement 
or distortion of the heliostat image on the receiver [6]. The total errors, which will lead to the dispersion of 
the reflected beam, comprise tracking errors, mirror errors, and also the sun shape, can be expressed as 
follows [12]. 
5.0222 ))2(( trackmirrorsunshapetot σσσσ ⋅++=                                                                                       (6) 
For circular Gaussian flux distribution is widely adopted by the researchers, the intercept efficiency can 
be calculated by integrating the heliostat’s flux distribution within the boundaries of the receiver [11]. RE
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Since cosine, atmospheric attenuation and intercept are independent of heliostat geometry and position, 
therefore the multiplication of these three efficiency factors here named as available land efficiency can be 
used as a preference criterion to locate the heliostats. Heliostats should be located within the region with 
higher available land efficiency. 
2.2 Boundary of the heliostats field 
A Matlab code has been developed to get a preliminary distribution of the available land efficiency on a 
square terrain of 500m×500m with latitude of 40.4ºN, at the design point of the noon of spring equinox 
with the aim point heights of 81.5m. Main parameters used are given in Table 1. 
Table 1 Main parameters in calculation  
Design irradiance, W/m2 800 
Dimension of heliostat, m 11×11 
Number of heliostats 110 
Height of heliostat support, m 6.6 
Height of tower, m 118 
Total errors, mrad 4 
Receiver aperture, m 5×5 
Declination angle of receiver aperture, degree 25 
As shown in Fig.2, heliostats should be approximately located within the region where available land 
efficiency is above 0.8, so as to get higher optical field efficiency. Beyond this region, comparatively less 
energy with lower efficiency will be concentrated on the receiver aperture. 
 
 
 
 
 
 
 
 
 
 
Figure 2 Distribution of available land efficiency 
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3. Layout of the Heliostats Field 
For the unimpeded movement of the heliostats of 11m×11m, the characteristic diameter of the heliostat 
during the design work is given by 16m, which is larger than its diagonal. The spacing between heliostats 
is considered not only for less shading and blocking so as to obtain higher field optical efficiency, but also 
for the availability of installation and maintenance of heliostats. 
3.1 Layout method of the heliostats field 
The layout of the heliostats field is based on radial staggering method. For the first ring in the field, by 
definition as an essential ring, its radius is given by 81.5m. 
The radius of other rings is determined by no blocking loss [10]. While the radial distance between 
adjacent rings is avoided to be too small to pass through the cleaning truck. 
The azimuthal spacing between heliostats in the first ring in each group is approximately equal to twice 
of the heliostat width, while the azimuthal spacing in other rings depends upon the divergence of the 
distribution axes. In case of lower density of heliostats, a new group will be started to locate the heliostats. 
Layout method of heliostats is shown in Fig.3. 
 
Figure 3 Layout method of heliostats 
3.2 Configuration of the heliostats field 
The designed heliostats field for the scale of 1MW solar power tower plant is shown in Fig.4, with land 
coverage of 51916m2 and field density of 0.256. The minimum radial spacing is 11m and the minimum 
distance between adjacent coordinates of heliostats is 17.1m, which are enough for the availability of 
installation and maintenance of the heliostats. 
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Figure 4 Layout of the heliostats field 
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3.3 Optical performance of the heliostats field 
Its optical performance is then calculated with the software of HFLD with ray tracing method, 
developed by the researchers from CAS. Its introduction and validation can be found in reference [13]. 
As for the reflective efficiency of the mirror, with its value being of the multiplication of reflectance of 
the mirror, its cleanliness and its effective area ratio, is given by 0.8753.  
For the performance calculation, the field is assumed to be operated from 7 a.m. to 17 p.m. (solar time) 
with solar altitude angle larger than 15°, and its annual performance is calculated from n=1~365, step=5 
day, 0.1 hour.  
All heliostats are assumed to be focused in the spherical shape for their heliostat-target slant range with 
a single aiming point.  
The calculation results show that, at design point (noon, Day 81), field efficiency is of 80%, while the 
thermal power intercepted by the receiver aperture is 8.5MW, with the thermal-electric energy conversion 
efficiency of 12%, its output could be 1.02MW. Its annual average performance is shown in Table 2. 
Table 2 Optical performance of designed field 
Annual average Cosine Effect Shading & Blocking Attenuation of Atmosphere Intercept 
71.36% 89.608% 94.433% 96.926% 99.412% 
4. Conclusion 
1. The design of heliostats field for the scale of 1MW solar power tower plant is introduced. In its 
configuration, the multiplication of three efficiencies of cosine, atmospheric transmittance and intercept is 
used as the preliminary boundary limit to locate heliostats based on radial staggering method, while the 
spacing between heliostats is set not only for less shading and blocking, but also for the availability of 
installation and maintenance of heliostats. 
2. Its optical performance is tested by HFLD software, which shows higher annual average efficiency of 
71.36% and higher efficiency of 80% at the design point. 
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